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(54) OPERATING METHOD OF OPTICAL SYSTEM IN VEHICLE

(57) An operating method of an optical system (100)
in a vehicle (300) is provided. The optical system (100)
includes a display device (110). The display device (110)
includes a display panel (112) and a plurality of light emit-
ting units (114). The light emitting units (114) are config-
ured to emit a light (L1) to the display panel (112). The

operating method includes the following steps. An em-
phasized portion (510, 520, 530) of an object (500) is
determined. An image corresponding to the emphasized
portion (510, 520, 530) is displayed by the display device
(110) by adjusting a light intensity of at least a portion of
the light (L1) emitted from the light emitting units (114).
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Description

BACKGROUND

Technical Field

[0001] The disclosure relates to an operating method
of an optical system, and more particularly, to an oper-
ating method of an optical system in a vehicle.

Description of Related Art

[0002] Drivers can integrate image information into ac-
tual traffic conditions through an optical system in a ve-
hicle, thereby enhancing their perception of the driving
environment. However, in some cases, an image dis-
played by the optical system in the vehicle may need to
be adjusted to enhance the driving safety and provide
good user experience. For example, a light leakage may
occur in the image displayed while driving, causing the
displayed information to be unclear. In addition, when an
ambient object appears on the driving route, it may over-
lap with the displayed image, reducing the driving safety.

SUMMARY

[0003] According to some embodiments of the disclo-
sure, in an optical system in a vehicle, a light intensity of
at least a portion of the light emitted from the plurality of
light emitting units in the display device can be adjusted
according to information that is sensed, thereby enhanc-
ing the driving safety and providing good user experi-
ence.
[0004] According to an embodiment of the disclosure,
an operating method of an optical system in a vehicle is
provided. The optical system includes a display device.
The display device includes a display panel and a plurality
of light emitting units. The light emitting units are config-
ured to emit a light to the display panel. The operating
method includes the following steps. An emphasized por-
tion of an object is determined. An image corresponding
to the emphasized portion is displayed by the display
device by adjusting a light intensity of at least a portion
of the light emitted by the light emitting units.
[0005] In order for the disclosure to be more compre-
hensible, embodiments accompanied with drawings are
described in detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings are included to
provide a further understanding of the disclosure, and
are incorporated in and constitute a part of this specifi-
cation. The drawings illustrate exemplary embodiments
of the disclosure and, together with the description, serve
to explain the principles of the disclosure.

FIG. 1 is a schematic block diagram of an optical

system in a vehicle according to an embodiment of
the disclosure.
FIG. 2 is a schematic diagram of the optical system
in the vehicle according to the embodiment in FIG.
1 disposed in a vehicle.
FIG. 3A is a schematic diagram of a display area
according to an embodiment of the disclosure.
FIG. 3B is a schematic diagram of waveforms of var-
ious optical parameters of the display area on a base
line according to the embodiment in FIG. 3A.
FIG. 4A is a schematic diagram of a display area
according to an embodiment of the disclosure.
FIG. 4B is a schematic diagram of waveforms of var-
ious optical parameters of the display area on a base
line according to the embodiment in FIG. 4A.
FIG. 5A is a schematic diagram of a display area
according to an embodiment of the disclosure.
FIG. 5B is a schematic diagram of waveforms of var-
ious optical parameters of the display area on a base
line according to the embodiment in FIG. 5A.
FIG. 6A is a schematic diagram of a display area
according to an embodiment of the disclosure.
FIG. 6B is a schematic diagram of waveforms of var-
ious optical parameters of the display area on a base
line according to the embodiment in FIG. 6A.
FIG. 7A is a schematic diagram of a display area
according to an embodiment of the disclosure.
FIG. 7B is a schematic diagram of waveforms of var-
ious optical parameters of the display area on a base
line according to the embodiment in FIG. 7A.
FIG. 8 is a flowchart illustrating steps in an operating
method of an optical system in a vehicle according
to an embodiment of the disclosure.
FIG. 9 is a flowchart illustrating steps in an operating
method of an optical system in a vehicle according
to another embodiment of the disclosure.

DETAILED DESCRIPTION OF DISCLOSED EMBODI-
MENTS

[0007] It should be understood that other embodiments
may be utilized and structural changes may be made
without departing from the scope of the disclosure. Like-
wise, it should be understood that wordings and termi-
nologies used herein are for descriptive purposes, and
should not be considered restrictive. The use of "com-
prising", "including" or "having", and their variations here-
in is intended to cover the items listed thereafter and the
equivalents and additional items thereof. Unless other-
wise limited, the terms "connected", "coupled", and their
variations herein are used in a broad sense and encom-
pass direct and indirect connections and couplings.
[0008] Reference will now be made in detail to the ex-
emplary embodiments of the disclosure, and examples
of the exemplary embodiments are illustrated in the ac-
companying drawings. Whenever possible, the same ref-
erence numerals are used in the drawings and descrip-
tions to refer to the same or similar parts.
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[0009] FIG. 1 is a block diagram of an optical system
in a vehicle according to an embodiment of the disclo-
sure. FIG. 2 is a schematic diagram of the optical system
in the vehicle according to the embodiment in FIG. 1 dis-
posed in a vehicle. Referring to FIG. 1 and FIG. 2, an
optical system 100 in a vehicle of this embodiment is, for
example, an augmented reality head up display (AR
HUD) system, which is configured to project an image to
a driver 200, so that the driver 200 integrates image in-
formation into an actual traffic condition through the op-
tical system 100 in the vehicle, thereby enhancing the
perception of a driving environment for the driver 200.
The optical system 100 in the vehicle may also be other
types of projection systems, and the disclosure is not
limited thereto.
[0010] Specifically, the optical system 100 in the vehi-
cle includes a display device 110, a processor 120, an
internal sensor 130, an external sensor 140, and an op-
tical lens assembly 150. The display device 110 is, for
example, a picture generation unit (PGU), which is con-
figured to generate the image information and output a
light L2 having the image information to the optical lens
assembly 150. The display device 110 includes a display
panel 112 and a plurality of light emitting units 114. The
plurality of light emitting units 114 are configured to emit
a light L1 to the display panel 112.
[0011] In this embodiment, the light emitting units 114
may be used as a light source for the display panel 112,
and may provide the light source to the display panel
112. For example, the display panel 112 may be a liquid
crystal display panel, and the light emitting units 114 may
be used as a backlight source 114A for the display panel
112. The display device 110 may be a liquid crystal dis-
play device. Therefore, the processor 120 may adjust a
backlight thereof by controlling an operation of the display
device 110 to achieve an image enhancement effect.
However, the disclosure does not limit the type of the
display device 110.
[0012] The light emitting unit 114 can include a light
emitting diode chip or a light emitting diode package. For
example, the light emitting unit 114 may be one or more
light emitting diodes in series or in parallel, or one or more
light emitting diode strings in series or in parallel. The
light emitting diode may include, for example, an organic
light emitting diode (OLED), a mini LED, a micro LED, a
quantum dot (QD) light emitting diode (which may be, for
example, QLED and QDLED), fluorescence, phosphor,
or other suitable materials, which may be arranged and
combined arbitrarily. However, the disclosure is not lim-
ited thereto.
[0013] In other embodiments, the display device may
be a self-luminous display device, such as an organic
light emitting diode display device, a mini LED display
device, a micro LED display device, or a quantum dot
(QD) light emitting diode (which may be, for example,
QLED and QDLED) display device.
[0014] On the other hand, according to some embod-
iments, the processor 120 may receive a signal from a

sensor, and adjust a light intensity according to the signal.
Specifically, a light intensity of at least a portion of the
light L1 emitted from the light emitting units 114 may be
adjusted. The sensor may be the internal sensor 130,
the external sensor 140, or a combination thereof. The
signal may be an environmental signal (S2), a moving
object detection signal (S3), a bio-sensing signal (S1),
or a combination thereof. For example, the internal sen-
sor 130 is configured to sense information of the driver
200 and output the bio-sensing signal S1 including phys-
iological information of the driver 200 to the processor
120. The physiological information includes a sight-line
position or physiological condition of the driver 200. For
example, it may determine a direction of the driver’s sight
line, or whether the driver focuses on driving or is in drow-
sy driving. However, the disclosure is not limited thereto.
The external sensor 140 is configured to sense environ-
mental information and output the environmental signal
S2 and/or the moving object detection signal S3 to the
processor 120. The environmental information includes
an ambient light intensity. For example, a driving time is
during the day or at night. However, the disclosure is not
limited thereto. The environmental information may also
include whether there is a moving object around a vehicle
300 when driving, such as a pedestrian, an animal, in-
formation about other vehicles, or information about the
vehicle 300 being driven. In addition, the optical lens as-
sembly 150 may include a lens, a mirror, or a combination
thereof. The optical lens assembly 150 may include at
least one mirror or a plurality of mirrors. The mirrors in-
cluded in the optical lens assembly 150 may be the same
or different. The mirror may be a reflecting mirror, a flat
mirror, a convex mirror, a concave mirror, an aspheric
mirror, or a combination thereof, which may be selected
and used according to requirements.
[0015] Therefore, the processor 120 may receive sig-
nals S1, S2, and/or S3 from the internal sensor 130
and/or the external sensor 140 of the vehicle 300 and
integrate the information provided by the internal sensor
130 and the external sensor 140. The display device 110
outputs the light L2 including the image information to
the optical lens assembly 150. In addition, there may also
be signal transmission between the optical lens assembly
150 and the processor 120. The light L2 is projected to
the driver 200 through reflecting mirrors 152 and 154,
and a windshield 156 of the vehicle 300. Therefore, a
virtual image M may be imaged in front of the driver 200,
and therefore, the image information included therein
may be integrated into the actual traffic condition to en-
hance the perception of the driving environment for the
driver 200.
[0016] In some embodiments, the display device 110
may include an optical layer (not shown). The optical lay-
er may be disposed between the backlight source 114A
and the display panel 112. The optical layer may be dis-
posed in the display panel 112. The optical layer men-
tioned above may include a single layer or include a plu-
rality of layers. The plurality of layers in the optical layer
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may be the same or different. The disclosure is not limited
thereto. The optical layer may include a polarizer, a wire
grid polarizer, a heat dissipation layer, a reflecting layer,
a lens layer, a diffusion layer, a phase difference layer,
a prism sheet, or a combination thereof. According to
some embodiments, the optical layer (such as the prism
sheet) may be disposed on the backlight source 114A,
and between the backlight source 114A and the display
panel 112. A light emitting surface SA of the display panel
112 may be parallel to the optical layer (such as the prism
sheet) disposed on the backlight source 114A. Alterna-
tively, the light emitting surface SA of the display device
110 may not be parallel to the prism sheet and have an
included angle.
[0017] In some embodiments, before the display de-
vice 110 outputs the light L2 to the optical lens assembly
150, the image information included therein may be cor-
rected first.
[0018] In some embodiments, the backlight source
114A may include a light modulation element, which may
adjust the light intensity or direction of the light emitting
unit 114.
[0019] In some embodiments, the display panel 112
may include an adjustable cover plate, and the cover
plate may be opaque or translucent to adjust an area of
a light emitting area.
[0020] In this embodiment, the processor 120 may de-
termine an emphasized portion of an object according to
the received signals S1, S2, and S3, and enable the dis-
play device 110 to display an image corresponding to the
emphasized portion by adjusting the light intensity of the
at least a portion of the light L1 emitted from the light
emitting units 114. In some embodiments, the object may
be an arrow, a warning, or various patterns of a driving
assistance information, such as a driving assistance
graphical user interface (GUI). In some embodiments,
the object may also be an ambient object, such as a pe-
destrian, an animal, a vehicle, or a building. The disclo-
sure does not limit the type of the object. In some em-
bodiments, the emphasized portion may be an edge por-
tion of the object, a central portion of the object, or a
combination thereof. According to some embodiments,
adjusting the light intensity of the at least a portion of the
light emitted from the light emitting units may be to turn
off at least one light emitting unit, decrease the light in-
tensity of the at least one light emitting unit, or increase
the light intensity of the at least one light emitting unit.
[0021] FIG. 3A to FIG. 7B respectively illustrate various
embodiments of how to adjust the light intensity of the
light emitting unit under different conditions.
[0022] FIG. 3A is a schematic diagram of a display area
according to an embodiment of the disclosure. FIG. 3B
is a schematic diagram of waveforms of various optical
parameters of the display area on a base line 400 ac-
cording to the embodiment in FIG. 3A. From top to bot-
tom, a schematic diagram of a waveform of a transmit-
tance of the display panel 112, a schematic diagram of
a waveform of a brightness of the backlight source 114A,

and a schematic diagram of a waveform of an ambient
light intensity are shown in sequence. The ambient light
intensity may be detected by the external sensor 140,
but the disclosure is not limited thereto. The base line
400 may be a horizontal line. In FIG. 3B, in the schematic
diagram of the waveform of the brightness of the backlight
source 114A, a dotted line is a waveform in a real situa-
tion. For ease of description, hereinafter, the waveform
of the brightness of the backlight source 114A is denoted
by a solid-line square waveform. In FIG. 3B, before a
light intensity of the light emitting unit 114 is adjusted, a
width w1 denotes a distance between an edge ED2 of
the waveform of the brightness of the backlight source
114A and an edge ED1 of the waveform of the transmit-
tance of the display panel 112 on the base line 400. A
measurement position of the width w1 may be at a posi-
tion of a half-height width of the waveform. In an embod-
iment, the width w 1 is 0<w1<10 millimeters (mm).
[0023] Referring to FIG. 3A and FIG. 3B, a display area
DA in FIG. 3A is, for example, a partial area on the wind-
shield 156. In this embodiment, the driving assistance
graphical user interface is taken as an exemplary em-
bodiment of an object 500. The driving assistance GUI
in the figure is, for example, the arrow. In this embodi-
ment, since an ambient light intensity I1 sensed by the
external sensor 140 is greater than a preset reference
value Iref, it indicates that the driving environment at this
time is relatively bright, such as during the day or when
the sky is bright. The pixel units of the display panel 112
at a position corresponding to the object 500 maintains
a high transmittance, and the light emitting units 114 of
the backlight source 114A at a position corresponding to
the object 500 maintains a high brightness. The reference
value Iref may be determined according to a detection of
an environment inside the vehicle and/or outside the ve-
hicle.
[0024] Referring to FIG. 3A and FIG. 3B, in the display
area DA, a contour of the object 500 is marked as 5P.
An edge portion of the object 500 is marked as 510, and
a central portion of the object 500 is marked as 530. In
detail, in the display area DA, the edge portion 510 of the
object 500 includes a first portion 41 and a second portion
42 through which the base line 400 passes. In this em-
bodiment, the light emitting unit 114 corresponding to the
first portion 41 and the light emitting unit 114 correspond-
ing to the second portion 42 are turned on.
[0025] FIG. 4A is a schematic diagram of a display area
according to an embodiment of the disclosure. FIG. 4B
is a schematic diagram of waveforms of various optical
parameters of the display area on the base line 400 ac-
cording to the embodiment in FIG. 4A. From top to bot-
tom, the schematic diagram of the waveform of the trans-
mittance of the display panel 112, the schematic diagram
of the waveform of the brightness of the backlight source
114A, and the schematic diagram of the waveform of the
ambient light intensity are shown in sequence. The am-
bient light intensity may be detected by the external sen-
sor 140, but the disclosure is not limited thereto. In FIG.
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4B, after the light intensity of the light emitting unit 114
is adjusted, a width w2 denotes a distance between an
edge ED3 of the waveform of the brightness of the back-
light source 114A and the edge ED1 of the waveform of
the transmittance of the display panel 112 on the base
line 400. A measurement position of the width w2 may
be at the position of the half-height width of the waveform
[0026] Referring to FIG. 4A and FIG. 4B, the display
area DA in FIG. 4A is, for example, the partial area on
the windshield 156. In this embodiment, since an ambient
light intensity 12 sensed by the external sensor 140 is
less than the preset reference value Iref, it indicates that
the driving environment at this time is relatively dark, such
as at night or when the sky is relatively dark. On the edge
portion of the object 500 serving as the driving assistance
information, the brightness (light intensity) may be de-
creased or the corresponding light emitting units may be
turned off to improve a light leakage. Therefore, in this
embodiment, the brightness of the backlight source 114A
corresponding to the edge portion 510 of the object 500
is adjusted to emphasize the difference from other por-
tions.
[0027] For example, the processor 120 determines an
emphasized portion of the object 500 to be the edge por-
tion 510 according to an ambient light provided by the
external sensor 140. Next, for example, the processor
120 controls the display device 110 to turn off the light
emitting unit 114 corresponding to the edge portion 510,
so that the display device 110 displays the image corre-
sponding to the emphasized portion. In this embodiment,
w2 is less than w1, which indicates that the light emitting
unit 114 corresponding to the edge portion 510 is turned
off, and w2 is greater than 0, which indicates that on the
base line 400, a waveform width of the light emitting unit
having the high brightness is wider than a waveform width
of the pixel unit having the high transmittance. In an em-
bodiment, w2 may also be less than or equal to 0, which
indicates that on the base line 400, the waveform width
of the light emitting unit having the high brightness may
be equal to or narrower than the waveform width of the
pixel unit having the high transmittance.
[0028] Referring to FIG. 4A and FIG. 4B, in detail, in
the display area DA, the edge portion 510 of the object
500 includes the first portion 41 and the second portion
42 through which the base line 400 passes. In this em-
bodiment, the light emitting unit 114 corresponding to the
first portion 41 may be turned off, and the light emitting
unit 114 corresponding to the second portion 42 may be
turned on. As for in FIG. 3A and FIG. 3B, the light emitting
unit 114 corresponding to the first portion 41 and the light
emitting unit 114 corresponding to the second portion 42
are both turned on.
[0029] FIG. 5A is a schematic diagram of a display area
according to an embodiment of the disclosure. FIG. 5B
is a schematic diagram of waveforms of various optical
parameters of the display area on the base line 400 ac-
cording to the embodiment in FIG. 5A. From top to bot-
tom, the schematic diagram of the waveform of the trans-

mittance of the display panel 112, the schematic diagram
of the waveform of the brightness of the backlight source
114A, and the schematic diagram of the waveform of the
ambient light intensity are shown in sequence.
[0030] Referring to FIG. 5A and FIG. 5B, the display
area DA in FIG. 5A is, for example, the partial area on
the windshield 156. In this embodiment, since the ambi-
ent light intensity I2 sensed by the external sensor 140
is less than the preset reference value Iref, it indicates
that the driving environment at this time is relatively dark,
such as at night or when the sky is relatively dark. On
the edge portion of the object 500, the brightness (light
intensity) may be decreased or the corresponding light
emitting units may be turned off to improve the light leak-
age. Therefore, in this embodiment, the brightness of the
backlight source 114A corresponding to an edge portion
520 of the object 500 may be adjusted to emphasize the
difference from other portions.
[0031] For example, the processor 120 determines the
emphasized portion of the object 500 to be the edge por-
tion 520 according to the ambient light provided by the
external sensor 140. Next, for example, the processor
120 controls the display device 110 to decrease the light
intensity of the at least a portion of the light L1 emitted
from the light emitting unit 114 corresponding to the edge
portion 520, so that the display device 110 displays the
image corresponding to the emphasized portion. For ex-
ample, the brightness of the light emitting unit 114 cor-
responding to the edge portion 520, originally with a high
brightness Lb, is adjusted to a low brightness La. In this
embodiment, on the base line 400, a waveform width of
the light emitting unit 114 having the high brightness Lb
may be equal to the waveform width of the pixel unit hav-
ing the high transmittance. In this embodiment, a ratio of
the low brightness La to the high brightness Lb is, for
example, 0<La/Lb<0.9, but the disclosure is not limited
thereto. Therefore, in this example, the emphasized por-
tion of the object 500 is the edge portion 520.
[0032] Referring to FIG. 5A and FIG. 5B, in detail, in
the display area DA, the edge portion 520 of the object
500 includes the first portion 41 and the second portion
42 through which the base line 400 passes. The central
portion 530 of the object 500 includes a third portion 43
through which the base line 400 passes. In this embod-
iment, the light emitting unit 114 corresponding to the
first portion 41 and the light emitting unit 114 correspond-
ing to the second portion 42 may be turned on, and the
light intensities may be decreased. The light emitting unit
114 corresponding to the third portion 43 (the central por-
tion) may be turned on. The light intensity of the light
emitting unit 114 corresponding to the third portion 43
(the central portion) may be higher than the light intensi-
ties of the light emitting unit 114 corresponding to the first
portion 41 and the light emitting unit 114 corresponding
to the second portion 42.
[0033] From another point of view, if the original bright-
ness of the light emitting unit 114 is the low brightness
La, the processor 120 determines the emphasized por-
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tion of the object 500 to be the central portion 530 ac-
cording to the ambient light detected by the external sen-
sor 140. Next, the processor 120 controls the display
device 110 to increase the light intensity of the at least a
portion of the light L1 emitted from the light emitting unit
114 corresponding to the central portion 530, so that the
display device 110 displays the image corresponding to
the emphasized portion. For example, the brightness of
the light emitting unit 114 corresponding to the central
portion 530, originally with the low brightness La, is ad-
justed to the high brightness Lb. Therefore, in this exam-
ple, the emphasized portion of the object 500 is the cen-
tral portion 530.
[0034] FIG. 6A is a schematic diagram of a display area
according to an embodiment of the disclosure. FIG. 6B
is a schematic diagram of waveforms of various optical
parameters of the display area on the base line 400 ac-
cording to the embodiment in FIG. 6A. From top to bot-
tom, the schematic diagram of the waveform of the trans-
mittance of the display panel 112, the schematic diagram
of the waveform of the brightness of the backlight source
114A, and the schematic diagram of the waveform of the
ambient light intensity are shown in sequence.
[0035] Referring to FIG. 6A and FIG. 6B, the display
area DA in FIG. 6A is, for example, the partial area on
the windshield 156. In this embodiment, since the ambi-
ent light intensity 12 sensed by the external sensor 140
is less than the preset reference value Iref, it indicates
that the driving environment at this time is relatively dark,
such as at night or when the sky is relatively dark. On
the edge portion of the object 500, the brightness in a
light emitting area of the backlight source 114A may be
increased to emphasize the difference from other por-
tions. Therefore, in this embodiment, the brightness of
the backlight source 114A corresponding to the edge por-
tion of the object 500 may be adjusted.
[0036] For example, the processor 120 determines the
emphasized portion of the object 500 to be the edge por-
tion 520 according to the ambient light provided by the
external sensor 140. Next, for example, the processor
120 controls the display device 110 to enhance the light
intensity of the at least a portion of the light L1 emitted
from the light emitting unit 114 corresponding to the edge
portion 520, so that the display device 110 displays the
image corresponding to the emphasized portion. For ex-
ample, the brightness of the light emitting unit 114 cor-
responding to the edge portion 520, originally with a low
brightness Ld, is adjusted to a high brightness Lc. In this
embodiment, on the base line 400, the waveform width
of the light emitting unit 114 having the low brightness
Ld may be equal to the waveform width of the pixel unit
having the high transmittance. In this embodiment, a ratio
of the low brightness Ld to the high brightness Lc is, for
example, 0<Ld/Lc<0.9, but the disclosure is not limited
thereto.
[0037] Referring to FIG. 6A and FIG. 6B, in detail, in
the display area DA, the edge portion 520 of the object
500 includes the first portion 41 and the second portion

42 through which the base line 400 passes. The central
portion 530 of the object 500 includes the third portion
43 through which the base line 400 passes. In this em-
bodiment, the light emitting unit 114 corresponding to the
first portion 41 and the light emitting unit 114 correspond-
ing to the second portion 42 may be turned on, and the
light intensities may be enhanced. The light emitting unit
114 corresponding to the third portion 43 (the central por-
tion) may be turned on. The light intensity of the light
emitting unit 114 corresponding to the third portion 43
(the central portion) may be lower than the light intensities
of the light emitting unit 114 corresponding to the first
portion 41 and the light emitting unit 114 corresponding
to the second portion 42.
[0038] From another point of view, if the original bright-
ness of the light emitting unit 114 is the high brightness
Lc, the processor 120 determines the emphasized por-
tion of the object 500 to be the central portion 530 ac-
cording to the ambient light detected by the external sen-
sor 140. Next, the processor 120 controls the display
device 110 to decrease the light intensity of the at least
a portion of the light L1 emitted from the light emitting
unit 114 corresponding to the central portion 530, so that
the display device 110 displays the image corresponding
to the emphasized portion. For example, the brightness
of the light emitting unit 114 corresponding to the central
portion 530, originally with the high brightness Lc, is ad-
justed to the low brightness Ld.
[0039] In the embodiment of FIG. 6A and FIG. 6B, an
object image in the display area DA displayed on the
windshield 156 is the arrow as an example, but the dis-
closure is not limited thereto. In an embodiment, the ob-
ject image in the display area DA displayed on the wind-
shield 156 may also be an obstruction such as a pedes-
trian, an animal, or a vehicle, and a contour portion there-
of may be enhanced by adjusting the light intensity men-
tioned above to emphasize the difference from other por-
tions of the displayed information or actual traffic condi-
tions.
[0040] FIG. 7A is a schematic diagram of a display area
according to an embodiment of the disclosure. FIG. 7B
is a schematic diagram of waveforms of various optical
parameters of the display area on the base line 400 ac-
cording to the embodiment in FIG. 7A. From top to bot-
tom, the schematic diagram of the waveform of the trans-
mittance of the display panel 112, the schematic diagram
of the waveform of the brightness of the backlight source
114A, and the schematic diagram of the waveform of the
ambient light intensity are shown in sequence.
[0041] Referring to FIG. 7A and FIG. 7B, the display
area DA in FIG. 7A is, for example, the partial area on
the windshield 156. In this embodiment, since the ambi-
ent light intensity I1 sensed by the external sensor 140
is greater than the preset reference value Iref, it indicates
that the driving environment at this time is relatively
bright, such as during the day or when the sky is relatively
bright. At the same time, an ambient object 600 such as
the pedestrian appears in front of the vehicle. When the
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driving assistance information (the object 500) is super-
imposed on the ambient object 600, the displayed image
and the backlight source 114A may be adjusted to pre-
vent the image from obscuring the ambient object 600.
Therefore, in this embodiment, the brightness of the
backlight source 114A corresponding to the edge portion
520 of the object 500 may be adjusted to emphasize the
difference from other portions. The edge portion 520 may
include a contour 5P (denoted by a thick black line in the
figure) of the object. Specifically, the brightness of the
backlight source 114A corresponding to the contour 5P
of the edge portion 520 of the object 500 may be adjusted
to emphasize the contour of the object.
[0042] For example, the object 500 may be adjusted
to an object having the central portion that is opaque.
Therefore, only a contour line of the arrow is displayed
in the display area DA. The transmittance of the display
panel 112 maintains the high transmittance at a position
corresponding to the contour line, and the rest of portions
have the low transmittance. In detail, the light emitting
units includes a central light emitting unit 114C, which
corresponds to the central portion 530 of the object 500.
According to some embodiments, the transmittance of
the display panel 112 corresponding to the central portion
530 of the object 500 is adjusted. For example, the trans-
mittance is reduced, or the transmittance is adjusted to
zero. Furthermore, a light intensity of the central light
emitting unit 114C may be adjusted. For example, the
light intensity of the central light emitting unit 114C is
decreased. Or, according to an embodiment, the light
intensity of the central light emitting unit 114C is adjusted
to 0, that is, the central light emitting unit 114C is turned
off.
[0043] The processor 120 determines the emphasized
portion of the object 500 to be the edge portion 520 ac-
cording to the moving object detection signal S3 provided
by the external sensor 140. Next, the processor 120 con-
trols the display device 110 to increase the light intensity
of the at least a portion of the light L1 emitted from the
light emitting unit 114 corresponding to the edge portion
520, so that the display device 110 displays the image
corresponding to the emphasized portion. For example,
the brightness of the light emitting units 114 correspond-
ing to the contour 5P of the edge portion 520 is adjusted
to the high brightness. Therefore, in this example, the
emphasized portion may be the edge portion 520 of the
object 500, such as the contour 5P of the edge portion
520, and the brightness of the light emitting units 114
corresponding to the contour 5P of the edge portion 520
is increased. Therefore, when the driving assistance in-
formation is superimposed on the ambient object, the
image and the backlight source may be adjusted to pre-
vent the image from obscuring the ambient object.
[0044] Referring to FIG. 7A and FIG. 7B, in detail, in
the display area DA, the edge portion 520 of the object
500 includes the first portion 41 and the second portion
42 through which the base line 400 passes. The central
portion 530 of the object 500 includes the third portion

43 through which the base line 400 passes. The light
emitting unit 114 corresponding to the first portion 41 and
the light emitting unit 114 corresponding to the third por-
tion 43 (including the central portion 530) may be turned
off. In this embodiment, the second portion 42 corre-
sponds to the contour 5P of the object 500, and the light
emitting unit 114 corresponding to the second portion 42
may be turned on. In some embodiments, the light emit-
ting unit 114 corresponding to the object 500 other than
the contour 5P may be turned off, or the light intensity is
decreased. Furthermore, the display panel 112 corre-
sponding to the second portion 42 of the object 500 may
maintain the normal or high transmittance, and the trans-
mittance of the display panel 112 corresponding to the
central portion 530 of the object 500 may be adjusted to
zero. In this way, in the image displayed by the display
device 110, the contour 5P of the object may be high-
lighted.
[0045] According to the embodiment of the disclosure,
the processor may determine the emphasized portion of
the object to be the edge portion or the central portion
according to the ambient light or the ambient object.
Therefore, when the driving time is at night or when the
sky is relatively dark, on the edge portion of the driving
assistance information, the corresponding brightness
may be decreased or turned off to improve the light leak-
age. In addition, when the driving assistance information
is superimposed on the ambient object, the displayed
image and the backlight source may be adjusted to pre-
vent the image from obscuring the ambient object. There-
fore, the optical system in the vehicle according to the
embodiment of the disclosure may adjust the object im-
age according to the change in the environment, avoid
the light leakage and obscuration to the ambient object,
enhance the driving safety, and provide good user expe-
rience.
[0046] FIG. 8 is a flowchart illustrating steps in an op-
erating method of an optical system in a vehicle according
to an embodiment of the disclosure. Referring to FIG. 1,
FIG. 2, and FIG. 8, the operating method of the optical
system in the vehicle of this embodiment is at least ap-
plicable to the optical system 100 in the vehicle of FIG.
1 and FIG. 2. However, the disclosure is not limited there-
to. Taking the optical system 100 in the vehicle of FIG.
1 and FIG. 2 as an example, in step S100, the processor
120 determines the emphasized portion of the object 500.
In step S110, the processor 120 enables the display de-
vice 110 to display the image corresponding to the em-
phasized portion by adjusting the light intensity of the at
least a portion of the light L1 emitted from the light emitting
units 114.
[0047] In addition, sufficient teachings, suggestions,
and embodiments concerning the optical system in the
vehicle according to the embodiment of the disclosure
may be gained from the above descriptions in the em-
bodiments of FIG.1 to FIG. 7.
[0048] FIG. 9 is a flowchart illustrating steps in an op-
erating method of an optical system in a vehicle according
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to another embodiment of the disclosure. Referring to
FIG. 1, FIG. 2, and FIG. 9, the operating method of the
optical system in the vehicle of this embodiment is at
least applicable to the optical system 100 in the vehicle
of FIG. 1 and FIG. 2. However, the disclosure is not limited
thereto. Taking the optical system 100 in the vehicle of
FIG. 1 and FIG. 2 as an example, in step S210, the ex-
ternal sensor 140 may sense the environment, and out-
put the environmental signal S2 including the environ-
mental information and/or the moving object detection
signal S3 to the processor 120. In step S220, the internal
sensor 130 may sense the information of the driver 200,
and output the bio-sensing signal S1 including the phys-
iological information of the driver 200 to the processor
120. In step S230, the processor 120 receives the signals
S1, S2, and S3 from the internal sensor 130 and/or the
external sensor 140 of the vehicle 300. In step S240, the
processor 120 determines whether to perform an image
emphasis processing.
[0049] In step S240, if the processor 120 determines
that image emphasis processing is not required, in step
S250, the display device 110 displays the image. In step
S240, if the processor 120 determines that image em-
phasis processing is to be performed, in step S260, the
processor 120 determines the emphasized portion of the
object 500. Next, in step S270, the processor 120 deter-
mines which type of image emphasis processing in FIG.
4A, FIG. 5A, FIG. 6A, and FIG. 7A is to be performed. In
the above embodiments, methods of the image emphasis
processing in FIG. 4A, FIG. 5A, FIG. 6A, and FIG. 7A are
only examples, and the operating method of the disclo-
sure is not limited to the embodiments. In step S280, the
processor 120 enables the display device 110 to display
the image corresponding to the emphasized portion by
adjusting the light intensity of the at least a portion of the
light L1 emitted from the light emitting units 114.
[0050] In addition, sufficient teachings, suggestions,
and embodiments concerning the operating method of
the optical system in the vehicle according to the embod-
iment of the disclosure may be gained from the above
descriptions in the embodiments of FIG.1 to FIG. 8.
[0051] Based on the above, according to the embodi-
ments of the disclosure, in the optical system in the ve-
hicle, for the light emitting unit of the display device, the
light intensity of the light emitting unit may be adjusted
according to the information that is sensed. In this way,
a better display effect of the object may be achieved,
which may enhance the driving safety and provide the
good user experience.
[0052] It is understood by those skilled in the art that
various modifications and changes may be made to the
structure of the disclosed embodiments without depart-
ing from the scope or spirit of the disclosure. In view of
the above, it is hoped that the disclosure covers modifi-
cations and changes of the disclosure as long as the
modifications and changes fall within the scope of the
appended claims and equivalents thereof.

Claims

1. An operating method of an optical system (100) in a
vehicle (300), wherein the optical system (100) com-
prises a display device (110), the display device
(110) comprises a display panel (112) and a plurality
of light emitting units (114), the plurality of light emit-
ting units (114) are configured to emit a light (L1) to
the display panel (112), and the operating method
comprises:

determining an emphasized portion (510, 520,
530) of an object (500); and
displaying an image corresponding to the em-
phasized portion (510, 520, 530) by the display
device (110) by adjusting a light intensity of at
least a portion of the light (L1) emitted from the
plurality of light emitting units (114).

2. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein the
emphasized portion (510, 520, 530) is an edge por-
tion (510, 520) of the object (500).

3. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein the
emphasized portion (510, 520, 530) is a central por-
tion (530) of the object (500).

4. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein ad-
justing the light intensity of the at least a portion of
the light (L1) comprises turning off at least one of the
plurality of light emitting units (114).

5. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein ad-
justing the light intensity of the at least a portion of
the light (L1) comprises decreasing the light intensity
of at least one of the plurality of light emitting units
(114).

6. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein ad-
justing the light intensity of the at least a portion of
the light (L1) comprises increasing the light intensity
of at least one of the plurality of light emitting units
(114).

7. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, further com-
prising receiving a signal (S1, S2, S3) from a sensor
(130, 140), and adjusting the light intensity of the at
least a portion of the light (L1) according to the signal
(S1, S2, S3).

8. The operating method of the optical system (100) in
the vehicle (300) according to claim 7, wherein the
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signal (S1, S2, S3) is an environmental signal, a mov-
ing object detection signal, a bio-sensing signal, or
a combination thereof.

9. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein the
object (500) is a driving assistance graphical user
interface.

10. The operating method of the optical system (100) in
the vehicle (300) according to claim 1, wherein the
plurality of light emitting units (114) comprises a cen-
tral light emitting unit (114C) corresponding to a cen-
tral portion (530) of the object (500), and the oper-
ating method comprises adjusting the light intensity
of the central light emitting unit (114C), and adjusting
a transmittance of the display panel (112) corre-
sponding to the central portion (530) of the object
(500).
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